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(57)  An optical disk 101 has a plurality of recording
layers 102 and 103 and allows recording of information
on each of the recording layers 102 and 103. A spiral
guide groove having wobbles meandering in radial di-
rections of the optical disk 101 is formed on each of the
recording layers 102 and 103. Recording data can be

recorded on or between the guide grooves. ADIP, which
is address information embedded by wobble modulation
of the guide groove, is recorded, and the address infor-
mation indicates positional information with respect to a
radial direction of the recording layer 102 or 103 of the
optical disk 101 on which the wobbles of the guide
groove are formed.
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Description

TECHNICAL FIELD

[0001] The present invention relates to: an optical in-
formation recording medium having a plurality of record-
ing layers and allowing recording of information on each
of the recording layers; an optical information recording
apparatus and an optical information recording method
that perform data recording on the optical information
recording medium; an information processing appara-
tus provided with the optical information recording ap-
paratus; a program causing a computer that controls the
optical information recording apparatus to perform data
recording on the optical information recording medium;
and a recording medium recording the program thereon.

BACKGROUND ART

[0002] Optical disks such as DVDs can increase the
total storage capacity by providing two or more record-
ing layers. In such optical disks, recording and repro-
ducing can be performed by accessing from a single
side thereof and adjusting the focus of an optical beam
of an optical head (pickup) on each of the recording lay-
ers. Thereby, it is possible to perform large volume re-
cording and reproducing without turning over an optical
disk. Especially, in DVDs, two-layer disks of a read-only
type (ROM) have already been in practical use.

[0003] Japanese Laid-Open Patent Application No.
2000-293947 discloses an optical information recording
medium of a multi-layer structure including afirst record-
ing layer and a second recording layer, wherein a plu-
rality of spiral or concentric tracks are provided, and the
tracks are formed by a plurality of sectors. Each of the
sectors includes address information (hereinafter sim-
ply referred to as "address") of 0 through (S-1) (S is the
number of sectors in the first and second recording lay-
ers) in the first recording layer and S through (Sx2-1) in
the second recording layer.

[0004] By the way, itis necessary for a recordable op-
tical disk to previously embed address therein even if it
is unrecorded so as to specify a current position or a
recording target position. In the technique of Japanese
Laid-Open Patent Application No. 2000-293947, the
number of sectors in the first recording layer is setto S
and address is sequentially embedded therein from 0,
and the address of the second recording layer starts
from S.

[0005] Japanese Laid-Open Patent Application No.
2000-293947, however, does not disclose a specific for-
mation method for embedding address in an unrecorded
optical disk. In addition, the address formation method
for embedding address must be a method that does not
interfere with signals of recording data after the record-
ing data are recorded.

[0006] Further, when the number of sectors S in the
first recording layer is different in each optical disk (for
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example, when the storage capacity per layer is different
in each optical disk due to difference in the disk system
or the number of tracks), it cannot be determined from
which position the address in the second recording layer
starts. Hence, there is a problem in that it is impossible
to calculate the position of an address in a radial direc-
tion of an optical disk based only on the address in the
second recording layer.

DISCLOSURE OF THE INVENTION

[0007] The present invention was made in consider-
ation of the above-mentioned problems, and an object
of the present invention is to provide an address infor-
mation formation method realizing formation of address
information that does not interfere recording data in an
optical information recording medium in which the
above-mentioned problems are eliminated.

[0008] Another object of the present invention is to
provide an optical information recording medium, an op-
tical information recording apparatus and method that
can easily obtain address information of each recording
layer even if the storage capacity of each recording layer
is different.

[0009] In order to solve the above-mentioned prob-
lems, a first aspect of the present invention is an optical
information recording medium comprising a plurality of
recording layers for recording information on each of the
recording layers, wherein a spiral guide groove having
wobbles that are meandering in radial directions of the
optical information recording medium is formed on each
of the recording layers, and data is recorded on said
guide groove or between said grooves, wherein address
information is recorded by wobble modulation of said
spiral guide groove, and said address information indi-
cates a position in a radial direction of the recording lay-
er on which the wobble is formed.

[0010] Additionally, the above-mentioned can solved
by an optical information recording apparatus for record-
ing recording data on a plurality of recording layers of
an optical information recording medium, each record-
ing layer having formed thereon a spiral guide groove
having wobbles meandering in radial directions of the
optical recording medium, the optical information re-
cording apparatus comprising: reading means for read-
ing the wobbles of the spiral guide groove formed on
each of the recording layers; address information ob-
taining means for obtaining address information based
on the read wobbles, the address information indicating
a position with respect to a radial direction of the record-
ing layer; an access part that performs an access oper-
ation to access a predetermined position of a predeter-
mined one of the recording layers of the optical informa-
tion recording medium by using the address information;
and recording means for recording the recording data
on the predetermined one of the recording layers at the
predetermined position.

[0011] Additionally, the above-mentioned problems
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can be solved by an information processing apparatus
including an optical information recording apparatus for
recording recording data on a plurality of recording lay-
ers of an optical information recording medium, each re-
cording layer having formed thereon a spiral guide
groove having wobbles meandering in radial directions
of the optical recording medium, the optical information
recording apparatus comprising: reading means for
reading the wobbles of the spiral guide groove formed
on each of the recording layers; address information ob-
taining means for obtaining address information based
on the read wobbles, the address information indicating
a position with respect to a radial direction of the record-
ing layer; access means for performing an access op-
eration to access a predetermined position of a prede-
termined one of the recording layers of the optical infor-
mation recording medium by using the address informa-
tion; and recording means for recording recording data
on the predetermined one of the recording layers at the
predetermined position.

[0012] Additionally, the above-mentioned problems
can be solved by an optical information recording meth-
od that records recording data on a plurality of recording
layers of an optical information recording medium, each
recording layer having formed thereon a spiral guide
groove having wobbles meandering in radial directions
of the optical recording medium, the optical information
recording method comprising: a reading step of reading
the wobbles of the spiral guide groove formed on each
of the recording layers; an address information obtain-
ing step of obtaining address information based on the
read wobbles, the address information indicating a po-
sition with respect to a radial direction of the recording
layer; an access step of performing an access operation
to access a predetermined position of a predetermined
one of the recording layers of the optical information re-
cording medium by using the address information; and
a recording step of recording the recording data on the
predetermined one of the recording layers at the prede-
termined position.

[0013] Additionally, the above-mentioned problems
can be solve by a program to be carried out by a com-
puter that controls an optical information recording ap-
paratus for recording recording data on a plurality of re-
cording layers of an optical information recording medi-
um, each recording layer having formed thereon a spiral
guide groove having wobbles meandering in radial di-
rections of the optical recording medium, the program
causing the optical information recording apparatus to
carry out: a reading step of reading the wobbles of the
spiral guide groove formed on each of the recording lay-
ers; an address information obtaining step of obtaining
address information based on the read wobbles, the ad-
dress information indicating a position with respect to a
radial direction of the recording layer; an access step of
performing an access operation to access a predeter-
mined position of a predetermined one of the recording
layers of the optical information recording medium by
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using the address information; and a recording step of
recording the recording data on the predetermined one
of the recording layers at the predetermined position.
[0014] Further, in order to solve the above-mentioned
problems, according to a second aspect of the present
invention, there is provided an optical information re-
cording medium comprising a plurality of recording lay-
ers for recording data, wherein a spiral guide groove
having wobbles that are meandering in radial directions
of the optical information recording medium is formed
on each of the recording layers, and wherein address
information is recorded by wobble modulation of the spi-
ral guide groove, predetermined conversion is per-
formed on the address information recorded on a first of
the recording layers, and the converted address infor-
mation is recorded on a second of the recording layers
at the same corresponding position with respect to a ra-
dial direction of the optical information recording medi-
um.

[0015] Additionally, the above-mentioned problems
can be solved by an optical information recording appa-
ratus for recording recording data on a plurality of re-
cording layers an optical information recording, each re-
cording layer having formed thereon a spiral guide
groove having wobbles meandering in radial directions
of the optical recording medium, the optical information
recording apparatus comprising: reading means for
reading the wobbles of the spiral guide groove formed
on each of the recording layers; address information ob-
taining means for obtaining address information record-
ed by wobble modulation of the guide groove, the ad-
dress information indicating a position with respect to a
radial direction of the recording layer; a conversion
means for performing predetermined conversion on ad-
dress information of a first of the recording layers by us-
ing the address information so as to obtain address in-
formation of a second of the recording layers at the
same corresponding position with respect to a radial di-
rection of the optical information recording medium; ac-
cess means for performing an access operation to ac-
cess a predetermined position of a predetermined one
of the recording layers of the optical information record-
ing medium by using the address information; and re-
cording means for recording the recording data includ-
ing a data address on the predetermined one of the re-
cording layers at the predetermined position.

[0016] Additionally, the above-mentioned problems
can be solved by an optical information recording meth-
od of recording recording data on a plurality of recording
layers of an optical information recording medium, each
recording layer having formed thereon a spiral guide
groove having wobbles meandering in radial directions
of the optical recording medium, the optical information
recording method comprising: a reading step of reading
the wobbles of the spiral guide groove formed on each
of the recording layers; an address information obtain-
ing step of obtaining address information based on the
read wobbles, the address information indicating a po-
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sition with respect to a radial direction of the recording
layer; a conversion step of performing predetermined
conversion on address information of a first of the re-
cording layers so as to obtain address information of a
second of the recording layers at the same correspond-
ing position with respect to a radial direction of the op-
tical information recording medium; an access step of
performing an access operation to access a predeter-
mined position of a predetermined one of the recording
layers of the optical information recording medium by
using the address information; and a recording step of
recording user data including a data address on the pre-
determined one of the recording layers at the predeter-
mined position.

[0017] Additionally, the above-mentioned problems
can be solved by a program to be carried out by a com-
puter that controls an optical information recording ap-
paratus for recording recording data on a plurality of re-
cording layers of an optical information recording medi-
um, each recording layer having formed thereon a spiral
guide groove having wobbles meandering in radial di-
rections of the optical recording medium, the program
causing the optical information recording apparatus to
carry out: a reading step of reading the wobbles of the
spiral guide groove formed on each of the recording lay-
ers; an address information obtaining step of obtaining
address information based on the read wobbles, the ad-
dress information indicating a position with respect to a
radial direction of the recording layer; a conversion step
of performing predetermined conversion on address in-
formation of a first of the recording layers so as to obtain
address information of a second of the recording layers
at the same corresponding position with respect to a ra-
dial direction of the optical information recording medi-
um; an access step of performing an access operation
to access a predetermined position of a predetermined
one of the recording layers of the optical information re-
cording medium by using the address information; and
a recording step of recording the recording data includ-
ing a data address on the predetermined one of the re-
cording layers at the predetermined position.

[0018] According to the first aspect of the present in-
vention, it is possible to provide an address information
formation method capable of accessing an arbitrary po-
sition of an optical information recording medium even
if recording data are not recorded thereon, and avoiding
interference by address information with respect to re-
cording data.

[0019] In addition, according to the second aspect of
the present invention, even if each recording layer has
a different storage capacity, by performing predeter-
mined conversion on the address information of one re-
cording layer, it is possible to obtain the address infor-
mation of another recording layer.

[0020] Other objects, features and advantages of the
present invention will become apparent from the follow-
ing detailed description when read in conjunction with
the accompanied drawings.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0021]

FIG. 1 is a diagram for explaining the structure of a
disk according to one embodiment of the present
invention.

FIG. 2A and FIG. 2B are diagrams for explaining
the structure of a guide groove of the disk.

FIG. 3 is a diagram showing an example of wobble
modulation of the guide groove of the disk.

FIG. 4 is a diagram showing an example of the re-
lationship between embedded address information
ADIP and a physical address number PSN.

FIG. 5 is a diagram showing a format WID of an ad-
dress part of recording data.

FIG. 6 is a diagram showing a format AID of the em-
bedded address information ADIP.

FIG. 7 is a diagram for explaining the structure of a
disk according to another embodiment of the
present invention.

FIG. 8 is a block diagram showing the structure of
an optical information recording/reproducing appa-
ratus according to one embodiment of the present
invention.

FIG. 9 is a flowchart for explaining an access oper-
ation of the optical information recording/reproduc-
ing apparatus of FIG. 8.

FIG. 10 is a flowchart for explaining a recording op-
eration of the optical information recording/repro-
ducing apparatus of FIG. 8.

FIG. 11 is a flowchart for explaining an optical infor-
mation recording/reproducing method according to
one embodiment of the present invention.

FIG. 12 is a block diagram showing the structure of
an information processing apparatus according to
one embodiment of the present invention.

BEST MODE FOR CARRYING OUT THE INVENTION

[0022] A description is given below of each embodi-
ment of the present invention.

[0023] Itshould be noted that, in the following descrip-
tion, symbols as follows are used. That is, in "12BDh",
for example, the symbol "h" represents hexadecimal
form. Thus, in this example, a hexadecimal numeric val-
ue "12BD" is represented. In addition, in "0010b", the
symbol "b" represents binary form. Thus, in this exam-
ple, a binary numeric value "0010" is represented. Fur-
ther, in"1234d", the symbol "d" represents decimal form.
Thus, in this example, a decimal numeric value "1234"
is represented. A symbol "*" represents multiplication,
and a symbol "/" represents division.

[0024] FIG. 1is adiagram for explaining the structure
of an optical disk 101 according to one embodiment of
the present invention. The optical disk 101 is an optical
information recording medium according to one embod-
iment of the present invention, and this optical disk is a
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DVD (Digital Versatile Disc) having two recording layers
and allowing data recording on each of the recording
layers.

[0025] A lower recording layer 102 of the disk 101 is
referred to as a layer 0 and an upper recording layer 103
thereof is referred to as a layer 1. Generally, an optical
head of an optical information recording/reproducing
apparatus emits an optical beam from the lower side.
Thus, when seen from the optical head, the layer 0 is
arranged forward and the layer 1 is arranged backward.
[0026] As shown in FIG. 2A and FIG. 2B, a guide
groove (groove) 106 is spirally formed on the layer 0
from the inner track toward the outer track of the disk
101. Information is recorded/reproduced while the opti-
cal head follows on the guide groove 106 or between
guide grooves 106. Portions 105 between the guide
grooves 106 are called lands.

[0027] AsshowninFIG. 2B, the guide groove 106 has
a constant spiral pitch (track pitch) and is meandering
in a sinusoidal manner for a minute amount in radial di-
rections of the optical disk 101. This meandering is
called wobble. The wobble amount is adequately small-
er than the track pitch so as not to interfere with track
tracing by the optical head and recorded data. It is pref-
erable that the wobble amount is about 5%. That is, if
the track pitch 104 is 0.74 um, it is preferable that the
meandering width (wobble amount) is about 0.03 um. It
is preferable that a cycle 107 of the wobble in a track
direction is short6, since detecting resolution is im-
proved. However, still, detection becomes impossible if
a recording data signal and a frequency band interfere.
Thus, the cycle 107 cannot be made excessively short.
Forexample, about 5 um is selected for the cycle of wob-
ble in a track direction.

[0028] Ifthe wobble is formed with a spatially constant
cycle on average, by rotating a rotating motor of the op-
tical information recording/reproducing apparatus, it is
possible to perform CLV (constant linear velocity) con-
trol. In addition, by generating a clock signal synchro-
nized with the wobble, it is possible to use the clock sig-
nal as a recording data clock.

[0029] The wobble of the guide groove 106 is appro-
priately modulated. Address information and other sup-
plementary information may be embedded by the wob-
ble modulation. Thereby, even in a state before record-
ing, it is possible to search for an arbitrary position on
the optical disk 101, and thus it is possible to record data
at an arbitrary position.

[0030] FIG. 3 shows an example of the wobble mod-
ulation. In FIG. 3, the lateral direction is a line direction,
and the vertical direction is a radial direction. This is an
example of phase modulation: it is possible to embed
digital information by handling a sine wave 111 of 0-de-
gree phase as "0" and a sine wave 112 of 180-degree
phase as "1". As for the modulation method, in addition
to the phase modulation, frequency modulation or am-
plitude modulation may be used.

[0031] Embedding of address information by wobble
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modulation of a guide groove as mentioned above or
the embedded address information is called ADIP (AD-
dress In Pre-groove). FIG. 4 is an explanatory diagram
showing an example of the relationship between the AD-
IP, which is the address information, and a physical ad-
dress number PSN (Physical Sector Number) of record-
ing data. Generally, the ADIP is created such that the
ADIP does not interfere with recording data. Hence, it is
difficult or impossible to make recording density high.
Accordingly, a single address number is represented by
several sectors of the PSN. In the example of FIG. 4, a
single ADIP address is represented by four sectors
(PSN). Thus, an ADIP is expressed with a word length
shorter than that of an address of recording data.
[0032] Additionally, in DVDs, an ECC (Error Correc-
tion Code) is added to recording data, and the unit there-
of is 16 physical sector PSN length. Hence, data record-
ing is also performed in units of 16 PSNs, which is called
an ECC block (16 PSN).

[0033] FIG. 5is a diagram showing a format of an ad-
dress part of recording data. This is called a WID (Write
sector ID). 24 bits (bit0 - bit23) are allocated to a physical
address number PSN, and 1 bit is allocated to layer in-
formation indicating whether a recording layer is the lay-
er 0 or the layer 1. The layer information is called L bit.
By adding the L bit, it is possible to allocate PSNs to
each of two recording layers. However, the L bit is not
required for address allocation in the format (inverse-
spiral) as shown in FIG. 1.

[0034] FIG. 6 is an address format of the ADIP, which
is called an AID (ADIP ID). 22 bits (bitO - bit 21) are al-
located to an ADIP address and 1 bit is allocated to the
layer information L bit. By adding the L bit, it is possible
to allocate ADIP addresses to each of the two recording
layers. However, the L bit is not required for address al-
location of the format (inverse-spiral) as shownin FIG. 1.
[0035] As shown in FIG. 1, the first layer (layer 0) of
the optical disk 101 is a reference layer, which serves
as the reference for each layer. The direction of the spi-
ral of the guide groove 102 is from the inner track toward
the outer track of the optical disk 101. The physical ad-
dress number PSN of recording data in a data area be-
gins with 030000h and the outermost track position is
26054Fh (codes 121 and 122).

[0036] Inthe firstlayer (layer 0) of the optical disk 101,
the portion inner than the innermost position 030000h
of the data area is a lead-in area, where dummy data or
supplementary data other than user data are recorded.
The position outer than the outermost position 26054F
is a middle area, where dummy data are recorded. The
dummy data include at least a PSN. When the optical
head accesses the user data area, in some cases, the
optical head may transitionally land outside the user da-
ta area due to positioning error or decentering of the
disk. Hence, in order to specify the current position of
the optical head, the dummy data are provided in the
area somewhat wider than the user data area.

[0037] Inthe second layer (layer 1) of the optical disk
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101, the direction of the spiral of the guide groove 103
is opposite to the direction in the layer 0: from the outer
track toward the inner track. Such a format method is
called an OTP (Opposite Track Path) method. In the
OTP method, in the case of sequentially recording or
reproducing, for example, video data, when the optical
head moves to the layer 1 after recording/reproducing
to the outermost track of the layer 0, the optical head to
temporarily moves to the inner track portion of the opti-
cal disk 101. For this reason, it is possible to perform
recording/reproducing with minimum access time peri-
od. Accordingly, it is possible to avoid discontinuity of
images due to a long access time period. In the OTP
method, at the time of sequential recording/reproducing,
the optical head moves to the outermost track of the lay-
er 1 after the outermost track of the layer 0, and then
performs track tracing toward the inner tracks of the lay-
er1.

[0038] The PSNs of the layer 1 of the optical disk 1
according to the OTP method are address information
obtained by performing predetermined conversion (for
example, bit inversion) on the PSNs of the layer 0 at the
same radial position. That is, the PSN of the layer 0: the
position 030000h (code 121) is FCFFFFh (code 123) in
the layer 1. In a case where bit 23 is a code bit and rep-
resented by a complement of 2, -030000h (minus
030000h) is FDOOO0Oh. Thus, the difference is only 1h.
Accordingly, bit inversion may be said as almost code
conversion when expressed with a complement of 2.
[0039] The PSN of the layer 1 corresponding to the
outermost track position of the layer 0: 26054h (code
122) is DO9FABO (code 124). Thus, the PSN of the data
area of the layer 1 is increased from the D9FABOh to
FCFFFFh.

[0040] In the optical disk 101 of FIG. 1, the ADIP of
the layer 0 begins with the innermost track position of
the data area, 00C000h (code 125), which is the value
obtained by dividing the PSN by 4. This is because, as
described above with reference to FIG. 4, a single ADIP
is formed by 4 PSNs.

[0041] Similarly, the ADIP of an arbitrary position in
the data area is "PSN/4". The ADIP corresponding to
the outermost track PSN of the layer 0: 26054Fh (code
122) is 098153h (code 126). In addition, the ADIP cor-
responding to the outermost track PSN of the layer 1:
D9FABOh (code 124) is 367EACh (code 127), and the
ADIP corresponding to the innermost track PSN:
FCFFFFh (code 123) is 3F3FFFh (code 128).

[0042] The ADIP corresponding to the outermost
track PSN of the layer 1: DO9FABOh (code 124) is
367EACh (code 127), which is the value obtained by bit
inversion of the ADIP of the layer 0: 098153h (code 126).
That is, if the bit 21 of an ADIP is handled as a code bit
and represented by a complement of 2, the value ob-
tained by subtracting 1 from the negative number of the
ADIP of the layer 0: 098153h (code 126), -098153h, is
367EACh (code 127). Thus, the difference is only 1h.
Accordingly, in access operation, it may be handled as
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code conversion.

[0043] As mentioned above, the ADIPs of the layer 1
of the optical disk 101 according to the OTP method are
address information obtained by bit inversion (or code
conversion) of the ADIPs of the layer 0 at the same radial
positions. Further, the ADIP of an arbitrary position is
2-bit shorter than recording data PSN word length, and
the relationship "ADIP = PSN/4" (shifted for 2 bits to the
right) is established. Thus, by performing predetermined
conversion (here, calculation of division by 4 or multipli-
cation by 4), itis possible to easily obtain one of an ADIP
and a PSN from the other.

[0044] Next, referring to FIG. 7, a description is given
of another structure of the optical disk 101.

[0045] It should be noted that those parts that are the
same as those corresponding parts of the optical disk
101 described with reference to FIG. 1 through FIG. 6
are described by using the same reference numerals.
[0046] Describing mainly of the differences with the
optical disk 101 of FIG. 1 through FIG. 6, in the optical
disk 101 of FIG. 7, the spiral direction of the guide
groove 106 of the layer 1 is the same as that in the layer
0. Such a format method of the optical disk 101 is called
a PTP (Parallel Track Path) method. The forms of wob-
ble and ADIPs are the same as those of the optical disk
101 according to the above-mentioned OTP method,
and a detailed description thereof is omitted.

[0047] In the optical disk 101 according to the PTP
method, PSNs and ADIPs (ADIP = PSN/4) are the same
in both layer 0 and layer 1 at the same radial position.
The portion inner than the PSN of the innermost track
position of a data area: 030000h is called a lead-in area,
and the portion outer than the PSN of the outermost
track position: 26054Fh is called a lead-out area, the
contents of which are supplementary data or dummy da-
ta. The role of the dummy data are the same as that
described with respect to the optical disk 101 according
to the OTP method.

[0048] As described with reference to FIG. 5 and FIG.
6, in the optical disk 101 (FIG. 7) according to the PTP
method, in order to determine whether a recording layer
is the layer O or the layer 1, the L bit is provided in ad-
dition to PSNs. Thereby, even in the optical disk 101
having a different storage capacity for each recording
layer, it is possible to easily determine a recording layer
by determination based on the L bit.

[0049] Next, a description is given of an optical infor-
mation recording/reproducing apparatus 1 according to
one embodiment of the present invention, which appa-
ratus records/reproduces information on/from the opti-
cal disk 101.

[0050] FIG. 8 is a block diagram showing a general
structure of the optical information recording/reproduc-
ing apparatus 1. As shown in FIG. 8, the optical infor-
mation recording/reproducing apparatus 1 embodies an
optical information recording apparatus according to the
present invention, and performs recording and repro-
ducing of information with respect to the above-men-
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tioned optical disk 101 and/or other optical disks.
[0051] The optical disk 101 can be replaced by a load-
ing mechanism that is not shown.

[0052] In the optical information recording/reproduc-
ing apparatus 1 of FIG. 8, a rotation motor 2 rotates the
optical disk 101.

[0053] Anopticalhead 3includes, forexample: alaser
diode (LD) that is a laser light source for recording/re-
producing; an optical system having an objective lens
for focusing a laser light on the optical disk 101 to form
an optical spot and detecting the reflected light; a photo
detector that converts the reflected light into an electric
signal by means of a photoelectric transfer unit divided
into a plurality of portions; a lens actuator that moves
the objective lens in the focal direction and radial direc-
tions so as to follow the focus and the guide groove of
each recording layer of the optical disk 101; and a head
actuator for moving the optical head 3 in radial directions
of the optical disk 101 (each of these is not shown).
Since these are known structures, a description thereof
is omitted.

[0054] An LD driver 4 performs data recording by
modulating the LD of the optical head 3 in accordance
with recording data.

[0055] An actuator driver 5 drives the lens actuator
and the head actuator by known focus tracing and guide
groove tracing means (not shown), thereby performing
a focus servo operation and a guide groove tracing ser-
vo operation. In addition, the actuator driver 5 drives the
lens actuator and the head actuator in accordance with
an instruction of an access controller 6, thereby moving
the optical spot of the optical head 3 to a target position
(a radial position and the kind of a recording layer) of
the optical disk 101 to which recording data are to be
written.

[0056] A datarecording controller 7 compares atarget
address to which recording data (Write Data) to be re-
corded are to be written and the corresponding position
on the optical disk 101. When there is a match, the re-
cording controller 7 delivers the recording data to the LD
driver 4 (a detailed operation will be described later).
[0057] A wobble detector 8 detects a wobble compo-
nent of the guide groove 106 of the optical disk 101 from
a signal of the photo detector of the optical head 3. Spe-
cifically, a first-order diffraction light of the reflected light
of the optical spot is detected by each of at least two
photo detectors divided along the guide groove 106. The
difference signal based on the two photo detectors is
called a Push-Pull signal, which is a signal reflecting the
wobble component. An output signal may be, for exam-
ple, a signal having the waveform as shown in FIG. 3.
[0058] A recording clock (Write Clock) generator 9
generates a clock signal that is phase-synchronized
with a wobble signal. Specifically, the recording clock
generator 9 is formed by a PLL circuit generating a clock
signal that is several times the wobble signal. By sup-
plying the recording data to the LD driver 4 from the re-
cording clock generator 9 based on the clock signal, it
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is possible for the optical head 3 to write the recording
data at an accurate position on the optical disk 101.
[0059] A CLV (ConstantLinear Velocity) servo part 10
compares the wobble signal and a reference signal (not
shown), and controls a rotation motor driver 11 in ac-
cordance with the comparison result, thereby driving the
rotation motor 2. The wobble of the guide groove 106 is
formed on the optical disk 101 with a constant spatial
frequency. Hence, CLV (Constant Linear Velocity) con-
trol is realized by accurate rotation of the rotation motor
2 in synchronization with the wobble signal.

[0060] An ADIP decoder 12 demodulates a modula-
tion component of the wobble signal and generates AD-
IP information. The ADIP information is decoded in the
format of, for example, that shown in FIG. 6 and FIG. 4.
The detected ADIP information is output to the data re-
cording controller 7 and the access controller 6 as cur-
rent address information of the optical disk 101.
[0061] The access controller 6 compares a target ad-
dress indicated by recording data and the current ad-
dress of the optical disk 101 detected by the ADIP de-
coder 12, and delivers a move instruction to the actuator
driver 5 such that the optical spot focused by the optical
head 3 becomes close to the target address.

[0062] Based on, for example, a control program re-
cordedinthe ROM 15, the CPU 13 performs central con-
trol of the optical information recording/reproducing ap-
paratus 1 while using the RAM 16 as its working area.
[0063] FIG. 9 is a flowchart for explaining an access
operation to the optical disk 101 performed by the ac-
cess controller 6 based on control by the CPU 13.
[0064] First, the CPU 13 extracts as Ntgt a target ad-
dress (PSN), which indicates a target position on the op-
tical disk 101 to which target position recording data
(write data) are to be written.

[0065] The suffix "tgt" represents "target". In addition,
a target recording layer is extracted as Ltgt, which indi-
cates a recording layer of the optical disk 101 to which
recording layer recording data are to be written (step
S1).

[0066] The targetaddress and recording layer may be
instructed by an upper apparatus (an information
processing apparatus 51 described later) separately
from recording data, or embedded in a signal sequence
of the recording data.

[0067] Next, under an instruction of the CPU 13, the
access controller 6 extracts from ADIP data from the
ADIP decoder 12 a current address Ncur and a current
recording layer Lcur captured by the optical head 3 (step
S2). The suffix "cur" represents "current".

[0068] That is, the CPU 13 detects a wobble compo-
nent (wobble) of the guide groove 106 of the optical disk
101 from an output signal of the photo detector of the
optical head 3 by means of the wobble detector 8 (wob-
ble reading), and demodulates ADIP data that are mod-
ulated on the wobble component by, for example, phase
modulation, frequency modulation, or amplitude modu-
lation (obtain address information).
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[0069] Here, itis assumed that four times an address
indicated by the ADIP data is Ncur. This is because an
ADIP address is "PSN/4" as mentioned above. In addi-
tion, this is for aligning the units of the current address
Ncur for comparison with the PSN, which is the target
address.

[0070] In the case where the optical disk 101 is ac-
cording to the OTP method, by handling bit 21 of an AD-
IP address as a code bit, the current recording layer Lcur
can be determined as the layer 0 when the code bit is
0. Thus, in this case, "Lcur = 0" is set. When the bit 21
is 1, which indicates a negative number, the current re-
cording layer is determined to be the layer 1 and "Lcur
=1"is set.

[0071] In the case where the optical disk 101 is ac-
cording to the PTP method, the Lbit, which is added in
the AID, is substituted for Lcur.

[0072] Next, it is determined whether the target re-
cording layer Ltgt is identical to the current recording
layer Lcur (step S3). If so, the process proceeds to step
S5, and if not, the process proceeds to step S4.
[0073] In step S4, Lcur is subtracted from Ltgt, and
based on the difference, the direction and number of
jumps among the recording layers are determined, and
jump (focus jump) between the recording layers is per-
formed.

[0074] For example, the direction in the case where
the difference between Ltgt and Lcur is positive and the
layer number is increased (in the optical disk 101 of FIG.
1, jump to the recording layer in the upward direction) is
determined in advance. That is, if "Ltgt = 1, Lcur = 0",
then "Ltgt - Lcur = 1". Thus, focus jump is performed in
the upward direction for one recording layer. If "Ltgt = 0,
Lcur = 1", then "Ltgt - Lcur = -1". Thus, focus jump is
performed in the downward direction for one recording
layer. Even if there are many layers, i.e., three or more
recording layers, the direction and number of focus
jumps can be determined in a similar manner.

[0075] Particularly, the above-mentioned focus jump
among recording layers is performed by shifting the fo-
cus to another layer by driving the objective lens of the
optical head 3 in the upward/downward directions.
Since such a method is known, a description thereof is
omitted.

[0076] After performing the focus jump in step S4,
step S2 and the subsequent processes are repeated
again. In the aforementioned manner, the focus jump is
repeated until the current recording layer Lcur matches
the target recording layer Ltgt. After exiting from the fo-
cus jump loop, the process proceeds to step S5.
[0077] In step S5, whether the current address Ncur
is a positive number is determined. The code is repre-
sented by the most significant bit 23, which corresponds
to the bit 21 of the original ADIP.

[0078] In the case where the optical disk 101 is ac-
cording to the OTP method, it can be determined that,
when the current address Ncur is a negative number,
the ADIP address is the reverse spiral of the layer 1, and
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when the current address Ncur is a positive number, the
ADIP address is a positive spiral of the layer 0. Addition-
ally, in the case where the optical disk 101 is according
to the PTP method, both layer 0 and layer 1 are always
positive numbers and positive spirals. Accordingly, in
both the OTP method and the PTP method, it can be
determined as a positive spiral when Ncur is a positive
number, and a negative spiral when Ncur is a negative
number.

[0079] Insteps S6 and S7, calculations for converting
an address to a track number T are performed. The track
number indicates the number of the guide groove 106,
which is incremented by 1 for each circuit while taking
a track having the position of PSN: 030000h as 0. In a
disk having a constant linear density such as a CLV for-
mat, the number of tracks T at an arbitrary PSN can be
calculated from a track pitch Tp and the length a of a
single sector.

[0080] For example, the track number T can be cal-
culated by the following equation (1).

T = sqrt ((PSN - 030000h)*a*Tp/pi+r0%)/Tp

-r0/Tp (1)

(where a: physical sector length, r0: the radius of
the optical disk 101 at the time when the PSN is located
at 030000h, sqgrt(): square root, and pi: circle ratio)
[0081] Instep S6, sinceitis a positive spiral, the num-
bers of tracks on which the target address Ntgt and the
current address Ncur are located are calculated by us-
ing the equation (1). It is assumed that the number of
the target track on which Ntgt is located is Ttgt, and the
number of the current track on which Ncur is located is
Teur.

[0082] In step S7, since it is a negative spiral, calcu-
lations similar to those in the case of a positive spiral
can be performed by converting the current address by
code conversion (or, bit inversion). Thus, the current
track number Tcur is calculated by using the equation
(1) by taking the current address as -Ncur.

[0083] Itis desirable that an instruction of a target po-
sition of recording data is expressed in the format the
same as that of the target address. The target track
number Ttgt is obtained by conversion by code conver-
sion (or bit inversion) in a similar manner.

[0084] Instep S8, the target track number Ttgtis com-
pared with the current track number Tcur. When these
match, the current position of the optical head 3 is within
a track circuit in which the target sector is located.
Hence, movementin a radial direction of the optical disk
101 is not required, and the current track may be simply
traced until the target address is reached. Thus, the se-
ries of access operation ends.

[0085] When there is no match in step S8 (NO),
whether the current address Ncur is positive is deter-
mined again (step S9). When positive (YES), since it is
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a positive spiral, the process proceeds to step S10.
When negative (NO), since it is a reverse spiral, the
process proceeds to step S11.

[0086] In steps S10 and S11, the optical head is
moved in a radial direction of the optical disk 101 for the
number of "Ttgt - Tcur", which is the difference between
the track numbers. This is called track jump. It is as-
sumed that, for example, the jump direction is positive
in the direction toward the outer tracks of the optical disk
101.

[0087] In step S10, since it is the case of a positive
spiral, when Ttgt is greater than Tcur, movement should
be made in the direction toward the outer tracks of the
optical disk 101. Track jump of the optical head is per-
formed for the number of tracks of "Ttgt - Tcur". If "Ttgt
> Teur", then the result is positive. Thus, the jump direc-
tion is toward the outer tracks.

[0088] In step S11, since it is the case of a reverse
spiral, when Ttgt is greater than Tcur, movement should
be made in the direction toward the inner tracks of the
optical disk 101. Track jump of the optical head is per-
formed for the number of tracks of "Tcur - Ttgt". If "Ttgt
> Tcur", then the result is negative. Thus, the jump di-
rection is toward the inner tracks.

[0089] After such track jump (Step S10, S11), the
process returns to step S2 again and the current ad-
dress is confirmed. This is because, in some cases,
there may be an error in the jump direction and approx-
imation is performed by repetition. At the stage where
the access operation ends in the aforementioned man-
ner, the current position is located within one circuit from
the target sector.

[0090] FIG. 10isaflowchartforexplaining a recording
operation of the data recording controller 7 based on
control by the CPU 13.

[0091] The recording operation of FIG. 10 starts at the
time when the access operation of FIG. 9 by the access
controller 6 is completed. First, the CPU 13 extracts as
Ntgt an address (PSN) on the optical disk 101, which
becomes a target to which recording data are to be re-
corded (step S21).

[0092] The target address may be instructed by the
upper apparatus (the information processing apparatus
51 described later) separately from recording data, or
embedded in a signal sequence of recording data.
[0093] Next, the current address Ncur of the optical
head 3 is extracted from the ADIP data from the ADIP
decoder 12 (step S22). Also in this case, Ncur is four
times an ADIP address. This is because an ADIP ad-
dress is "PSN/4" as mentioned above, and it is neces-
sary to align the units for comparison with a target PSN.
[0094] Next, it is determined whether the current ad-
dress Ncur matches the target address Nigt (step S23).
When there is a match (YES), the process proceeds to
step S24. When there is no match (NO), the process
returns to step S22, and the next ADIP address is de-
tected.

[0095] The above-mentioned processes are repeated
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or looped until the current address Ncur matches the
target address Ntgt.

[0096] Inthe determination of step S23, when the cur-
rent address Ncur matches the target address Ntgt, de-
livery of recording data is started and recording of the
recording data on the optical disk 101 is started by the
LD driver 4 and the optical head 3 (step S24).

[0097] FIG. 11 is a flowchart for explaining an optical
information recording method carried out by the optical
information recording/reproducing apparatus 1. Al-
though details of the optical information recording meth-
od is as described above with reference to FIG. 9 and
FIG. 10, the outline is described with reference to the
flowchart of FIG. 11.

[0098] First, in the processes of FIG. 11, the CPU 13
detects a wobble component of the guide groove 106 of
the optical disk 101 from a signal of the photo detector
of the optical head 3 by means of the wobble detector
8 (wobble reading) (step S31).

[0099] Next, ADIP data modulated on the wobble
component by, for example, phase modulation are de-
modulated (obtain address information) (step S32).
[0100] Next, by using the address information ob-
tained in step S32, predetermined conversion is per-
formed on the address information of one of the two re-
cording layers of the optical disk 101, thereby obtaining
the address information of the other of the recording lay-
ers corresponding to an identical position with respect
to a radial direction of the disk (step S33). For example,
ADIP data of the layer 1 may be obtained by performing
predetermined conversion such as bit inversion or code
conversion on ADIP data of the layer 0 of the optical disk
101 at an identical position with respect to a radial di-
rection.

[0101] By using the ADIP data obtained in the afore-
mentioned manner, according to the processes of FIG.
9, the access operation of the optical head 3 to a pre-
determined position on a recording layer of the optical
disk 101 is performed (step S34).

[0102] At the last, according to the processes of FIG.
10, recording data are recorded on the recording layer
of the accessed position (step S35).

[0103] FIG. 12 is a block diagram for explaining a
structure of the information processing apparatus 51 ac-
cording to one embodiment of the present invention.
[0104] As shown in FIG. 12, the information process-
ing apparatus 51 is formed by a computer such as a per-
sonal computer and performs various calculations. A
CPU 52, which performs central control of each part, is
connected via a bus 54 with a memory 53 formed by, for
example, various ROMs or RAMs.

[0105] Further, a magnetic recording apparatus 55
such as a hard disk; an input apparatus 56 formed by,
for example, a mouse and a keyboard; a display appa-
ratus 57 such as a LCD or a CRT; a recording medium
reading apparatus 59 reading a recording medium 58
such as an optical disk; the optical information record-
ing/reproducing apparatus 1; and a predetermined com-



17 EP 1 607 949 A1 18

munication interface 61 performing communications
with a network 60 are connected to the bus 54 via pre-
determined interfaces.

[0106] The communication interface 61 is connecta-
ble to a WAN such as the Internet via the network 60.
Various media, for example: an optical disk such as a
CD or a DVD, a magnetic optical disk, and a flexible disk
may be used as the recording medium 58.

[0107] Particularly, an optical disk drive, a magnetic
optical disk drive, or a flexible disk drive, for example,
is used as the recording medium reading apparatus 59
in accordance with the kind of the recording medium 58.
[0108] The recording medium reading apparatus 59
and the optical information recording/reproducing appa-
ratus 1 are separately shown. However, the recording
medium reading apparatus 59 and the optical informa-
tion recording/reproducing apparatus 1 may be formed
as the same apparatus.

[0109] In the above description of the optical informa-
tion recording/reproducing apparatus 1, it is assumed
that the processes of FIG. 9 and FIG. 10 are carried out
by the control of the CPU 13. However, the processes
of FIG. 9 and FIG. 10 may be realized by control carried
out by the information processing apparatus 51 in ac-
cordance with a control program recorded in the mag-
netic recording apparatus 55.

[0110] In this case, the control program recorded in
the magnetic recording apparatus 55 may form a pro-
gram according to one embodiment of the present in-
vention. In addition, the recording medium 58 may form
a recording medium according to one embodiment of
the present invention. The above-mentioned control
program s a program installed in the magnetic recording
apparatus 55 by reading from the recording medium 58
by means of the recording medium reading apparatus
59 or downloading from a WAN such as the Internet.
With this installation, the information processing appa-
ratus 55 becomes possible to perform the above-men-
tioned control.

[0111] Further, the control program may be operated
on a predetermined OS. Additionally, the control pro-
gram may form a part of specific application software.

Claims

1. An optical information recording medium compris-
ing a plurality of recording layers for recording in-
formation on each of the recording layers,

wherein a spiral guide groove having wobbles
that are meandering in radial directions of the opti-
cal information recording medium is formed on each
of the recording layers, and data is recorded on said
guide groove or between said grooves,

wherein address information is recorded by
wobble modulation of said spiral guide groove, and
said address information indicates a position in a
radial direction of the recording layer on which the
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wobble is formed.

An optical information recording medium compris-
ing a plurality of recording layers for recording in-
formation on each of the recording layers,

wherein a spiral guide groove having wobbles
that are meandering in radial directions of the opti-
cal information recording medium is formed on each
of the recording layers, and

wherein address information is recorded by
wobble modulation of the spiral guide groove, pre-
determined conversion is performed on the address
information recorded on a first of the recording lay-
ers, and the converted address information is re-
corded on a second of the recording layers at the
same corresponding position with respect to a radi-
al direction of the optical information recording me-
dium.

The optical information recording medium as
claimed in claim 1, wherein a direction of a spiral of
the guide groove of the second recording layer is
opposite to that of the first recording layer.

The optical information recording medium as
claimed in claim 2, wherein the predetermined con-
version is performed by bit inversion.

The optical information recording medium as
claimed in claim 2, wherein the predetermined con-
version is performed by code conversion.

The optical information recording medium as
claimed in claim 1, wherein the address information
is generated by performing predetermined conver-
sion on a data address of the data and has a word
length smaller than a word length of the data ad-
dress.

An optical information recording apparatus for re-
cording recording data on a plurality of recording
layers of an optical information recording medium,
each recording layer having formed thereon a spiral
guide groove having wobbles meandering in radial
directions of the optical recording medium, the op-
tical information recording apparatus comprising:

reading means for reading the wobbles of the
spiral guide groove formed on each of the re-
cording layers;

address information obtaining means for ob-
taining address information based on the read
wobbles, the address information indicating a
position with respect to a radial direction of the
recording layer;

access means for performing an access oper-
ation to access a predetermined position of a
predetermined one of the recording layers of
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the optical information recording medium by us-
ing the address information; and

recording means for recording the recording
data on the predetermined one of the recording
layers at the predetermined position.

An optical information recording apparatus for re-
cording recording data on a plurality of recording
layers an optical information recording, each re-
cording layer having formed thereon a spiral guide
groove having wobbles meandering in radial direc-
tions of the optical recording medium, the optical in-
formation recording apparatus comprising:

reading means for reading the wobbles of the
spiral guide groove formed on each of the re-
cording layers;

address information obtaining means for ob-
taining address information recorded by wob-
ble modulation of the guide groove, the address
information indicating a position with respect to
a radial direction of the recording layer;
conversion means for performing predeter-
mined conversion on address information of a
first of the recording layers by using the ad-
dress information so as to obtain address infor-
mation of a second of the recording layers at
the same corresponding position with respect
to a radial direction of the optical information
recording medium;

access means for performing an access oper-
ation to access a predetermined position of a
predetermined one of the recording layers of
the optical information recording medium by us-
ing the address information; and

recording means for recording the recording
data including a data address on the predeter-
mined one of the recording layers at the prede-
termined position.

The optical information recording apparatus as
claimed in claim 8, wherein, in the optical informa-
tion recording medium, when a direction of a spiral
of the guide groove of the first recording layer is op-
posite to that of the second recording layer, the
reading means and the recording means perform
reading and recording with respect to the second
recording layer in a direction opposite to that in
reading and recording with respect the first record-
ing layer.

The optical information recording apparatus as
claimed in claim 8, wherein the conversion means
performs the predetermined conversion by bit inver-
sion.

The optical information recording apparatus as
claimed in claim 8, wherein the conversion means
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performs the predetermined conversion by code
conversion.

The optical information recording apparatus as
claimed in claim 8, wherein the access means de-
termines a distance with respect to a radial direction
of the optical information recording medium of the
access operation based on the address information
after the conversion.

The optical information recording apparatus as
claimed in claim 8, wherein the access means de-
termines an access direction with respect to a radial
direction of the optical information recording medi-
um of the access operation based on an address
after the conversion.

The optical information recording apparatus as
claimed in claim 8, wherein the address information
obtaining means performs predetermined conver-
sion on the data address of the recording data,
thereby generating address information having a
word length smaller than a word length of the data
address.

The optical information recording apparatus as
claimed in claim 7, wherein the address information
obtaining means obtains the address information by
performing phase demodulation on a modulation
component of a read wobble signal.

The optical information recording apparatus as
claimed in claim 7, wherein the address information
obtaining means obtains the address information by
performing frequency demodulation on a modula-
tion component of a read wobble signal.

The optical information recording apparatus as
claimed in claim 7, wherein the address information
obtaining means obtains the address information by
performing amplitude demodulation on a modula-
tion component of a read wobble signal.

An information processing apparatus including an
optical information recording apparatus for record-
ing recording data on a plurality of recording layers
of an optical information recording medium, each
recording layer having formed thereon a spiral
guide groove having wobbles meandering in radial
directions of the optical recording medium, the op-
tical information recording apparatus comprising:

reading means for reading the wobbles of the
spiral guide groove formed on each of the re-
cording layers;

address information obtaining means for ob-
taining address information based on the read
wobbles, the address information indicating a
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position with respect to a radial direction of the
recording layer;

access means for performing an access oper-
ation to access a predetermined position of a
predetermined one of the recording layers of
the optical information recording medium by us-
ing the address information; and

recording means for recording recording data
on the predetermined one of the recording lay-
ers at the predetermined position.

19. An optical information recording method that

records recording data on a plurality of recording
layers of an optical information recording medium,
each recording layer having formed thereon a spiral
guide groove having wobbles meandering in radial
directions of the optical recording medium, the op-
tical information recording method comprising:

areading step of reading the wobbles of the spi-
ral guide groove formed on each of the record-
ing layers;

an address information obtaining step of ob-
taining address information based on the read
wobbles, the address information indicating a
position with respect to a radial direction of the
recording layer;

an access step of performing an access oper-
ation to access a predetermined position of a
predetermined one of the recording layers of
the optical information recording medium by us-
ing the address information; and

arecording step of recording the recording data
on the predetermined one of the recording lay-
ers at the predetermined position.

20. An optical information recording method of record-

ing recording data on a plurality of recording layers
of an optical information recording medium, each
recording layer having formed thereon a spiral
guide groove having wobbles meandering in radial
directions of the optical recording medium, the op-
tical information recording method comprising:

areading step of reading the wobbles of the spi-
ral guide groove formed on each of the record-
ing layers;

an address information obtaining step of ob-
taining address information based on the read
wobbles, the address information indicating a
position with respect to a radial direction of the
recording layer;

a conversion step of performing predetermined
conversion on address information of a first of
the recording layers so as to obtain address in-
formation of a second of the recording layers at
the same corresponding position with respect
to a radial direction of the optical information
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22,

23.

24,

25.

26.

27.
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recording medium;

an access step of performing an access oper-
ation to access a predetermined position of a
predetermined one of the recording layers of
the optical information recording medium by us-
ing the address information; and

a recording step of recording user data includ-
ing a data address on the predetermined one
of the recording layers at the predetermined po-
sition.

The optical information recording method as
claimed in claim 20, wherein, in the optical informa-
tion recording medium, when a direction of a spiral
of the guide groove of the first recording layer is op-
posite to that of the second recording layer, the
reading step and the recording step perform read-
ing and recording with respect to the second record-
ing layers in a direction opposite to that in reading
and recording with respect the first recording layer.

The optical information recording method as
claimed in claim 20, wherein the predetermined
conversion is performed by bit inversion.

The optical information recording method as
claimed in claim 20, wherein the predetermined
conversion is performed by code conversion.

The optical information recording method as
claimed in claim 20, wherein the access step deter-
mines a distance with respect to a radial direction
of the optical information recording medium of the
access operation based on the address information
after the conversion.

The optical information recording method as
claimed in claim 20, wherein the access step deter-
mines an access direction with respect to a radial
direction of the optical information recording medi-
um of the access operation based on an address
after the conversion.

The optical information recording method as
claimed in claim 20, wherein the address informa-
tion obtaining step performs predetermined conver-
sion on the data address of the recording data,
thereby generating address information having a
word length smaller than a word length of the data
address.

A program to be carried out by a computer that con-
trols an optical information recording apparatus for
recording recording data on a plurality of recording
layers of an optical information recording medium,
each recording layer having formed thereon a spiral
guide groove having wobbles meandering in radial
directions of the optical recording medium, the pro-
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gram causing the optical information recording ap-
paratus to carry out:

areading step of reading the wobbles of the spi-
ral guide groove formed on each of the record-
ing layers;

an address information obtaining step of ob-
taining address information based on the read
wobbles, the address information indicating a
position with respect to a radial direction of the
recording layer;

an access step of performing an access oper-
ation to access a predetermined position of a
predetermined one of the recording layers of
the optical information recording medium by us-
ing the address information; and

arecording step of recording the recording data
on the predetermined one of the recording lay-
ers at the predetermined position.

28. A program to be carried out by a computer that con-

trols an optical information recording apparatus for
recording recording data on a plurality of recording
layers of an optical information recording medium,
each recording layer having formed thereon a spiral
guide groove having wobbles meandering in radial
directions of the optical recording medium, the pro-
gram causing the optical information recording ap-
paratus to carry out:

areading step of reading the wobbles of the spi-
ral guide groove formed on each of the record-
ing layers;

an address information obtaining step of ob-
taining address information based on the read
wobbles, the address information indicating a
position with respect to a radial direction of the
recording layer;

a conversion step of performing predetermined
conversion on address information of a first of
the recording layers so as to obtain address in-
formation of a second of the recording layers at
the same corresponding position with respect
to a radial direction of the optical information
recording medium;

an access step of performing an access oper-
ation to access a predetermined position of a
predetermined one of the recording layers of
the optical information recording medium by us-
ing the address information; and

arecording step of recording the recording data
including a data address on the predetermined
one of the recording layers at the predeter-
mined position.

29. Arecording medium recording a program to be car-

ried out by a computer that controls an optical infor-
mation recording apparatus for recording recording
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data on a plurality of recording layers of an optical
information recording medium, each recording lay-
er having formed thereon a spiral guide groove hav-
ing wobbles meandering in radial directions of the
optical recording medium, the program causing the
optical information recording apparatus to carry out:

areading step of reading the wobbles of the spi-
ral guide groove formed on each of the record-
ing layers;

an address information obtaining step of ob-
taining address information based on the read
wobbles, the address information indicating a
position with respect to a radial direction of the
recording layer;

an access step of performing an access oper-
ation to access a predetermined position of a
predetermined one of the recording layers of
the optical information recording medium by us-
ing the address information; and

arecording step of recording the recording data
on the predetermined one of the recording lay-
ers at the predetermined position.
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FIG.10
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